We introduce a new tool -the CitedReferencesExplorer (CRExplorer, www.crexplorer.net) -which can be used to disambiguate and analyze the cited references (CRs) of a publication set downloaded from the Web of Science (WoS). The tool is especially suitable to identify those publications which have been frequently cited by the researchers in a field and thereby to study for example the historical roots of a research field or topic. CRExplorer simplifies the identification of key publications by enabling the user to work with both a graph for identifying most frequently cited reference publication years (RPYs) and the list of references for the RPYs which have been most frequently cited. A further focus of the program is on the standardization of CRs. It is a serious problem in bibliometrics that there are several variants of the same CR in the WoS. In this study, CRExplorer is used to study the CRs of all papers published in the Journal of Informetrics. The analyses focus on the most important papers published between 1980 and 1990. 
Introduction
The focus of bibliometric evaluation has been on the analysis of the citedness of publications (expressed as bare citation counts or normalized impact scores) (Vinkler, 2010) .
The times-cited data, however, is generated on the base of the cited references (CRs) which are given by the authors in their publications (Wouters, 1999) . Although these CRs can be searched in Web of Science (WoS, Thomson Reuters), one usually does not work directly with CRs data, but instead with derived data, such as citation counts (i.e. the "times cited"
assigned to the database records).
Comprehensive CR data have recently been successfully used to identify papers presenting interdisciplinary (Zhang, Rousseau, & Glänzel, 2015) and innovative research (Uzzi, Mukherjee, Stringer, & Jones, 2013) . A specific kind of CR analysis is Reference Publication Year Spectroscopy (RPYS), which was introduced by Marx, Bornmann, Barth, and Leydesdorff (2014) formulating as follows: "RPYS is based on the analysis of the frequency with which references are cited in the publications of a specific research field in terms of the publication years of these CRs. The origins show up in the form of more or less pronounced peaks mostly caused by individual publications that are cited particularly frequently" (p. 751).
In the meantime, RPYS has been applied in a variety of contexts: Wray and Bornmann (2014) used RPYS to investigate the roots of the philosophy of science. They showed, among other things, that books play a more important role in philosophy of science than in the sciences. Furthermore, Einstein's (1905a; 1905b) papers created a considerable citation peak in this literature. In the origins of graphene and solar cells research were investigated and in a further publication the historical roots of the Higgs boson research were studied (Barth, Marx, Bornmann, & Mutz, 2014) . Leydesdorff, Bornmann, Marx, and Milojevic (2014) studied the origins of "iMetrics" (information metrics, bibliometrics, and scientometrics) in scholarly literature. They showed that Lotka (1926) can be considered as the first common source of iMetrics, but that the intellectual program of iMetrics was shaped during the 1960s.
The results of show that RPYS cannot only be used to investigate the historical roots of fields, but also to demask scientific legends: "Charles Darwin, the originator of evolutionary theory, was given credit for finches he did not see and for observations and insights about the finches he never made" (p. 839). The analysis validated the already well-known fact that the book of Lack (1947) is the origin of the term "Darwin finches". Hussey (2015a, 2015b) used RPYS to identify landmark research contributions to the global positioning system (GPS) and to investigate the impact of the Viterbi algorithm, first published by Andrew Viterbi in 1967.
Most RPYS papers published hitherto are based on software which can be downloaded at http://www.leydesdorff.net/software/rpys. In order to facilitate the use of RPYS, we developed a user interface which can be used both to analyze the CRs data in a set as well as to produce the results of the analyses in a graphical format for inclusion in a paper or presentation. The program is named CitedReferencesExplorer (CRExplorer) and can be found at www.crexplorer.net. The CRExplorer is aligned to and inspired by similar programs for analyzing and visualizing citation networks of publications (van Eck & Waltman, 2010; van Eck & Waltman, 2014) .
Using all papers published in the Journal of Informetrics (JOI) as an example, we will present and discuss the CRExplorer in the following sections. Thus, the functionalities of the program will be explained by processing and analyzing the CRs from the papers published in JOI. A definitive focus will be on the functions of the program to standardize CRs. It is a serious problem in bibliometrics that there are several variants of the same CR in WoS. There are several issues in this context: CRs can refer to sources not belonging to the source items in WoS, journal name changes confuse authors in referencing, and typos on the side of the authors and the database providers (Thomson Reuters). The approach in the program to cluster and merge variants is pragmatic in trying to capture as much error as possible.
Methods

Example dataset
For the description of the CRExplorer, we generated a sample by downloading all papers published in Journal of Informetrics from WoS (date of reception: June 2015). This example dataset contains 545 papers which were downloaded in two packages (of 500 and 45 papers). The data contains 9,810 CRs. The dataset (two packages) can be downloaded from www.crexplorer.net (section guide & datasets).
The computer program CitedReferencesExplorer
CRExplorer is written in the Java programming language. Thus, the program runs on most hardware and operating system platforms. The program can freely be used.
Results
Working with a WoS dataset 1
Using the menu item "File" -"Import WoS files", the CRExplorer opens one or several datasets from WoS (each download from WoS can contain up to 500 records). In WoS, the datasets are downloaded using the option "Save to Other File Formats". As "Record Content" select "Full Record and Cited References" and as "File Format" select "Other
Reference Software". The records for the RPYS have to be searched in the WoS Core Collection in order to be able to save full records including the CRs. The CRExplorer imports maximally 100,000 CRs. This is the number which can be processed by most computers.
However, the user can change this number using "File" -"Settings" -Import". Setting the number to zero means that there is no import limit, but the processing is limited by the available memory on the computer. Figure 1 . Screenshot of the CitedReferencesExplorer after loading the example data.
In some cases, the user wants to import large datasets (e.g. all publications on a specific topic or from a broader research field) in order to investigate the historical roots.
When CRExplorer is not able to process the complete bibliographic records (because of computer memory restriction), the user has the possibility to restrict the imported range of cited references years (CRYs) using "File" -"Settings" -Import" -"Minimum/ Maximum Publication Year of Cited References". Thus, it is possible to investigate the historical roots of topics, fields, institutions etc. based on large datasets by only considering the CRYs which are the target of investigation. The default in "Minimum/ Maximum Publication Year of Cited
References" is zero which means that the CRY is not relevant for the import. The zero can also be used to define the import range (e.g. Minimum=1900 and Maximum=0 mean that all CRs with CRY>=1900 are imported).
After uploading the example dataset of 545 papers (saved in two packages), a message box appears providing the number of papers, the number of CRs uploaded, and some more information. This information is also available at the menu item "Data" -"Info"; the status bar informs constantly about the number of CRs, the number of clusters (see section 3.3), and the range of RPYs. The screen of the CRExplorer has two parts (see a screenshot in Figure 1 Choosing "File" -"Settings" -"Chart" the user can select the lines which should be displayed: "Number of Cited References", "Deviation from the Median" or both. The width of the chart lines and the median range for the smoothed curve can also be changed (at "File" -"Settings" -"Chart"). Further options for changing (e.g. the axis labels or legend) and saving the figure can be found by right-clicking on the figure. On the right side, a table lists all CRs included in the RPYS: The table shows the CR as found in the WoS data (column "Cited Reference"), the year when the CR was published (column "Cited Reference Year"), and the number of times a specific reference has been cited (column "Number of Cited References"). Every CR in the table receives a unique identification number (column "ID"). Furthermore, two percentages are given: "Percent in year" is the proportion of the number of times a specific reference has been cited among the number of all CRs in the same reference publication year. "Percent over all years" is the proportion using all CRs over all reference publication years.
Further columns contain splits of the data in the CR: "Author", "Last name", "First name initial", and "Source" (showing mostly journal title, volume, issue, and first page).
"Source title" contains mostly the journal title or the abbreviated book title; "Title short"
contains the first letters of the words in "Source title" if there is more than one word. If there is only a single word, this word appears in "Title short", too. "Volume", "Page", and "DOI"
show the corresponding data (if available in the WoS files) if the CR is a journal paper. Two further columns "ClusterID" and "Cluster Size" will be explained in section 3.3.
The data in the columns of the table can be sorted in ascending or descending order.
For example, sorting the example dataset by "Number of Cited References" shows that the most-cited paper in the set is the paper of Hirsch (2005) Choosing "File" -"Settings" -" Table" the user can select those columns which should be displayed in the table. This function enables to restrict the columns to those which are needed for a specific analysis.
Our intention is that the user of the CRExplorer is enabled to work with the graph on the left side of the screen to analyze the data. To this purpose, a number of facilities have been developed (which we intend to extend on the basis of feedback by the users):
(1) Sweeping with the mouse over a data point on one of the curves in the graph calls a small window showing the corresponding CRY ("Year") and the sum of the CRs in this year ("N_CR"). Thus, the years of peaks in the curves and their impact can be identified easily.
(2) Clicking on a data point, the CRs data in the table (on the right side of the screen) is sorted by "Cited Reference Year" and "Percent in year" (in descending order).
Furthermore, the first CR with the highest percentage in the particular year is marked by a blue line. Since the data is sorted by the "Percent in Year", one can inspect the most important CRs which are accountable for a peak.
In the example dataset, for example, a peak is visible at the year 1955. The click on the deviation from median curve shows that Eugene Garfield's (1955) well known article in Science introducing citation indexes is the most CR in this year (25 citations corresponding to nearly 73.5% of all citations in this year). Two earlier peaks are also visible for the CRYs 1926 and 1934 which can be traced back to Lotka (1926) and Bradford (1934) . Whereas Bradford (1934) is responsible for 80% of the references in this year, 100% of the references to the year 1926 can be traced back to Lotka (1926) .
The paper of Lotka (1926) provides an example of the general problem with CR data:
several variants exist for one and the same publication (e.g., "lotka a.j., 1926, j washington acad sc, v16, p317" and "lotka aj, 1926, j washington acad sc, p292"). We return to this problem (the aggregation of variants) in section 3.3.
The example dataset includes CRs from 1781 until 2015. Since this is a very long time period, it can be difficult to inspect the CRYs and to search for peaks -especially in early years. Using the mouse, one can mark an area on the graph or, alternatively, a time period can be selected by using the menu item "Data" -"Filter by Cited
References Year". Thereafter, the graph is restricted to the marked period (see also the following chapter 3.2).
Figure 2 shows a selection from the example dataset (using only CRYs from 1900 to 1960). This selection highlights the importance of the three above mentioned publications (Bradford, 1934; Garfield, 1955; Lotka, 1926) . Further peaks are visible, for example, for the year 1914. In this year, Hazen (1914) published a formula which is important for the calculation of percentiles of citations (Bornmann, Leydesdorff, & Mutz, 2013) . One can re-size the vertical (range) axis by right-clicking on the figure and following the options provided.
The user can recall the initial graph (and thus dissolve the selection) by right-clicking on the graph and choosing "auto-range" from the menu. 
Removing data from a dataset
The analyst may often wish to restrict RPYS to a certain time period (such as 1900-1960 in the example above). Very early and most recent years are frequently not very helpful for the identification of the most cited publications in the history (Comins & Leydesdorff, 2016) . Thus, most RPYSs published hitherto removed data from the analyses in order to present a final result (e.g., Figure 2 above).
Although the CRExplorer allows for the selection of periods in the graph, this selection does not lead to changes in the column of table "Percent over all years" on the right side of the screen. However, there are four ways of removing data from a dataset which are explained in the following:
(1) Lines in the table on the right side of the screen can be marked and deleted using the menu item "Data" -"Remove selected Cited References".
(2) Selecting "Data" -"Remove by Cited Reference Year" the user can remove the data for specific CRYs. (Bergstrom, 2007) .
A second peak is visible for the year 1963 which is mostly produced by referencing 
A third option for removing data is by removing CRs below a minimum number of
CRs. This can be done by using the menu item "Data" -"Remove by Number of cited references". Using this option, we removed from the example dataset all CRs with less than 10 citations (the threshold of 10 is arbitrary and others can also be used); the corresponding graph is shown in Figure 4 . This kind of restriction is helpful in identifying publications from early CRYs with a substantial impact (and to suppress the noise of less cited publications). Furthermore, in CRYs with many sparsely cited publications the publications with substantial impact can then be easier identified. The most pronounced peak in Figure 4 is for the CRY 2006; with nearly 20% of the references, this peak is dominantly shaped by Egghe's (2006) studies introducing the g-index. 
The fourth option for removing data is similar to the third: CRs can be removed by using thresholds for the field "Percentage in Year". Thus, it is possible to remove lowly cited references whereby "lowly" is defined in terms of the citation distribution in the CRYs.
The graph on the left side of the screen can be printed, copied and saved in various formats (by right-clicking on the graph). Furthermore, the properties of the graph can be considerably changed here: the title can be deleted or re-worded; the labels of the x-and yaxes can be changed, etc. Thus, the user is able to adapt the graph to his/ her needs for showing the graph (in a paper or presentation). The graph data can also be exported for further processing in programs such as Excel (save the graph as csv file then).
The table on the right side of the screen can also be saved as a csv-file ("File" -"Save as CSV File"). Thus, the user can incorporate the table (or a selection of the table) in a paper with the results of RPYS. Furthermore, the user can save a specific work result: The changed dataset (initially from WoS) can be saved and opened later using "File" -"Open CSV File".
Eliminating variants of cited references in a WoS dataset
In the previous sections, we already mentioned the problem of variants of the same CR potentially disturbing the analysis. At the menu items "Standardization" -"Cluster equivalent
Cited References" / "Merge Cited References of the Same Cluster" the user has the possibility to detect variants of the same CR, cluster them, and merge their occurrences (number of CRs).
Note that the automatic clustering of variants is restricted to variants within the same publication year and not across publication years. Thus, a reference to a first edition of a book and a reference to a later edition are not clustered by this routine. However, the user can make further adjustments to the author names, the journal or book title and other bibliographic information of CRs (across publication years). The clustering uses the table with the list of CRs on the right side of the screen as input file. Since the clustering (and merging) is a complex process which needs a lot of computer resources, the user should cluster only those data which is of interest. For example, if the user is interested in results for the CRYs 1970 and earlier, s/he is advised to restrict the dataset to the years subsequent to the start of the clustering and merging process.
In the first step of eliminating variants of CRs, the variants of the same cited publication are identified. When the user selects "Standardization" -"Cluster equivalent
Cited References", two attributes are used for a first similarity computation: "Last name" of the author and "Source title" from the table on the right side of the screen. Based on this data, the CRExplorer determines the pair-wise similarity of variants of CRs. The program computes the Levenshtein similarity (as provided by the SimMetrics library https://github.com/Simmetrics/simmetrics) of both attributes (see also Wasi & Flaaen, 2015) .
The Levenshtein similarity of two strings s1 and s2 is defined as sim(s1,s2) = 1-LD(s1,s2)/max(|s1|,|s2|). Here |s| denotes the length of a string s and LD (s1, s2) is the Levenshtein distance which is defined as follows: The Levenshtein distance between two strings s1 and s2 is the minimal number of single-character edit operations (i.e., insertion, deletion, or substitution) required to transform string s1 into s2. The Levenshtein distance is 0 for equal strings (no edit operations necessary) and equals max(|s1|,|s2|) for totally different strings (substitute the first min(|s1|,|s2|) characters and insert / delete the remaining characters). Therefore, for any two strings the Levenstein similarity is between 0 to 1 where 0 corresponds to "totally different" and 1 to "identical". t 3 ) , ..., (t n -1,t n ), and (t n , o 2 ) are all among the matching pairs. Each cluster is uniquely identified by its ClusterID, i.e., all CRs of a cluster are marked with a corresponding ClusterID. Thus, the results of the similarity computation can be inspected using the column "ClusterID" in the table. The number of CRs in each cluster is provided by the column labeled "Cluster Size".
We used the example dataset in order to cluster variants of the same CR. For example, Table 1 shows variants of one CR (Hirsch, 2005) in the dataset. These variants received the same ClusterID by the program (here: 41/41) when the program has finished the similarity computation. The program works with two ID numbers divided by a slash to facilitate a manual post-correction if the clustering led to erroneous results. The process of manual postcorrection will be described later on.
In the second step of eliminating variants of CRs (subsequent to the clustering of variants), the menu item "Standardization" -"Merge Cited References of the same cluster" starts the process where "ClusterID" is used for the aggregation, i.e., the values of the corresponding lines in the table on the right sight of the screen are summarized per cluster.
Thus, the numbers of citations for the seven variants in Table 1 are summarized to n=177.
From the variants (CRs) forming a cluster the one variant is chosen as representative which has the highest number of citations in the cluster ("Number of Cited References"). In the (unlikely) case of multiple variants in a cluster with a maximum number of citations, the choice is random. At the example in clustering process (by choosing "Standardization" -"Cluster equivalent Cited References").
We will illustrate the features based on clustered CRs in the example dataset.
The seven features can be used separately or in combination to change the cluster results before the merging of the CR variants is started. The effects of the features can be inspected by the values in "ClusterID" which has two components: The first value in the column (before the slash) shows the cluster numbers which result from the initial clustering process which was done automatically. The second value (after the slash) marks sub-clusters which change after using the features. Thus, the user should inspect the second value of the Table 2 ), the threshold of 0.5 results in eight variants (see Table 3 ). In this case, the reduction of the threshold does not make sense, because more CRs are erroneously clustered. 2) Volume, Page, and DOI: The user can select volume, page, and DOI in order to differentiate the clusters further. These selections affect the whole dataset and not only CRs which are marked by the user. Note that the Levenshtein approach is not applied to volume, page, and DOI; a perfect match is required for these attributes.
For example, after selecting "Page" in the control panel all CRs in Table 3 are separated as different sub-clusters (see Table 4 ). In the cases under study, the consideration of the page number leads to the needed elimination of the cluster solution suggested by the program. 3) Manual generation of sub-clusters: The tool offers three different ways for the manual changing of sub-clusters. They are named as "Same", "Different", and "Extract". Most of the problems with the automated clustering procedure occur with false positives: The algorithm matches CRs, although they should be separated. For the manual separation of clusters, the user can apply "Different" or "Extract". "Different" assigns different sub-cluster IDs to those CRs which are marked by the user manually (using the mouse click). "Extract" puts the marked CRs in a separated sub-cluster. "Same" gives marked CRs the same sub-cluster-ID. Manual changes based on "Same", "Different", and "Extract" can be rolled back using the "Undo" button.
We will illustrate the manual generation of sub-clusters in the following. Table 5 shows a cluster of CRs which was automatically generated by the CRExplorer. Table 5 shows ClusterIDs of CRs before and after the manual correction. The program clustered two CRs (Schreiber, 2012; Schreiber, Malesios, & Psarakis, 2012) ; but these should be separated. By marking the second CR (Schreiber M, 2012 , J INFORMETR, V6, P347, DOI 10.1016 /j.joi.2012 .001) and clicking on "Extract", this CR is no longer part of the cluster formed by the other CRs. In Table 6 another case of manual correction is shown. The program has clustered six cited papers of L. Leydesdorff, although only two should be clustered (see the grey marked CRs in the table) and the others not. The erroneous clustering can be corrected in two steps: In the first step all CRs in the cluster are marked and each reference is assigned a different
ClusterID by clicking on "Different". In the second step, the CRs which are grey marked in Table 6 receive the same ClusterID (54/863), after marking by the user and the button "Same" is clicked. After this step, the two CRs in the table are merged.
Most frequently cited references from authors in JOI between 1980 and 1990
Using the automatic and manual clustering and merging functionalities of the CRExplorer, we produced a CR set based on the example data set where all variants of the same CRs are merged. The initial set of CRs from the JOI papers consists of n=9,810 CRs in total. We restricted the clustering and merging process to n=785 CRs from the CRYs 1980 to 1990. Using the automatically and manually clustering and merging functionalities of the program this set is reduced to n=750 CRs.
In a first step after finishing the clustering process by the program, we selected "Volume" and "Page" in order to separate the CRs further on and thus aggregated 22 CRs. In a second step, the CRs were arranged alphabetically and 18 CRs were manually changed by using "Same". The alphabetical order of the CRs was needed to reveal, for example, misspelled reference variants (mostly inverted volume and page numbers). All dubious variants of one and the same author and publication year were checked using the WoS database. 
Discussion
In this paper, we introduced a new tool -the CRExplorer -which can be used to analyze the CRs of a specific research field or topic. The tool is especially suitable to identify those publications which have been frequently cited by the researchers in a field and thereby to study for example its historical roots. The CRExplorer simplifies the identification of key publications by enabling the user to work with the graph and the list of the CRs; both show the CRs per year and the two representations are related. For example, peaks on the curve in the graph can be clicked and the CRs are then marked which correspond to the peaks in the list. Furthermore, the underlying dataset can be restricted to specific ranges of publication years and a threshold for including CRs can be set.
RPYS can be and has already been used for a variety of research questions. In the Introduction several examples were given how the RPYS has been applied in different contexts. For example, in addition to the historical roots of a research field scientific myths could be identified. Since the CRExplorer allows a flexible work environment using datasets from WoS, the possibilities of analyses are very wide. For example, one could use the tool to inspect the basic literature referenced by a single researcher: Which are the publications a researcher cites most frequently (Leydesdorff, Bornmann, Comins, Marx, & Thor, in preparation)? These publications could be interpreted as his/ her roots or the publications importantly influencing the researcher. The tool could also be used with journal data: Journals in the same fields can be compared in terms of their anchorage in the literature: Do journals have different origins as reflected by the frequently used CRs of the authors (Comins & Leydesdorff, 2016) .
Most important is the use of the CRExplorer to reconstruct the evolution of a research topic as a whole and not only to reveal its historical roots (for which RPYS was developed originally). The reference set within the publications of a research topic reflects the totality of "living" papers, i.e. those, which have been cited in the set. The CRExplorer enables to rank these references according to their frequency of occurrence for each reference publication year. By this, the references are normalized in terms of the selected publication set (the references most often refer to papers of the specific research topic analyzed) and normalized with regard to their age (only references each of a specific reference publication year are ranked).
In the era of little science (before around 1950, see Marx & Bornmann, 2010 ) the number of references of a specific reference publication year within a chosen research topic was comparatively low. Therefore, earlier and most often CRs show up as distinct peaks. In the big science period the strong growth of literature results in numerous references and the highly cited more recent references are usually difficult to identify. However, the table of the CRExplorer can be used to show the top CRs for each referenced publication year.
If a specific research topic is analyzed, the most frequently CRs within the consecutive referenced publication years can be expected to reflect the knowledge development. By this, the time evolution of the scientific discourse can be reconstructed. The papers most important for the community in the course of the time are revealed. However, interpretation is not possible without expert knowledge which has to be combined with the usage of the CRExplorer presented here.
The CRExplorer is not only a helpful tool to analyze a dataset under study, but it also offers a context for cleaning the data. CRs appear in more or less frequent variants; in evaluation studies, for example, it is important to be able to (dis)aggregate the variants before starting with the analysis. Since especially book titles are unstandardized, their role could be undervalued if data were used without first cleaning them. The problem of cited references variants is closely related to the problem of citation linking or matching citations in bibliometrics (Olensky, Schmidt, & van Eck, 2015) . Cited references with inaccuracies result in missed matches in the WoS and lead to reduced citation counts for papers (times cited information in WoS). For example, Moed (2005) investigated 22 million cited references from the WoS and found 7.7% discrepant cited references resulting in a missed match with target papers. Thus, solutions are wanted -as offered in the CRExplorer -which contribute to reducing the number of variants of the same cited reference in bibliometric data.
